Introduction
============

In Japan, the prevalence of gastric cancer (GC), the second most common malignancy nationwide, has continued to increase each year, and there were 125,730 active cases and 16,654 cases deaths in 2010. The SPIRITS trial[@B1] showed that progression-free survival (PFS) and overall survival (OS) of patients treated with S-1+cisplatin combination therapy were significantly superior to those treated with S-1 monotherapy; thus, S-1+cisplatin combination therapy was established as the standard primary chemotherapy for unresectable or recurrent GC in Japan.

However, the REAL-2[@B2] and G-SOX[@B3] studies found that oxaliplatin was non-inferior to cisplatin, and it can replace cisplatin for GC treatment. In addition, the ToGA trial[@B4][@B5] reported that the addition of trastuzumab to 5-fluorouracil (FU)+cisplatin or capecitabine+cisplatin improved the OS of patients with GC that overexpressed human epidermal growth factor receptor 2, whereas the RAINBOW[@B6][@B7] and REGARD[@B8] trials demonstrated that ramucirumab, which is a humanized antibody against vascular endothelial growth factor, prolonged the OS of patients with GC who were treated both with and without paclitaxel. After the development of resistance to first-line chemotherapy, docetaxel or irinotecan as second-line chemotherapy can prolong OS as compared with best supportive care alone.[@B9] However, there is a non-negligible number of patients with GC resistant to all of these chemotherapy regimens who require further chemotherapy.

The International Organization for Standardization-5FU10 study[@B10] reported that the efficacy of weekly bolus 5-FU and l-leucovorin therapy was not inferior to that of S-1 monotherapy, which was the standard first-line chemotherapy for unresectable advanced GC in Japan during that time. There are two known mechanisms underlying the anti-cancer effects of 5-FU.[@B11][@B12] One is the inhibition of DNA synthesis through the inhibition of thymidylate synthase activity by fluorodeoxyuridine-5\'-monophosphate, a metabolite of 5-FU, and the second is inhibition of RNA dysfunction by 5-fluorouridine triphosphate, another metabolite of 5-FU. Because inhibition of DNA synthesis by 5-FU is mainly time-dependent, continuous infusion of 5-FU or daily administration of oral fluoropyrimidine drugs, such as S-1 and capecitabine, has an anti-tumor effect. However, the anti-tumor effect caused by RNA dysfunction after rapid injection of 5-FU is concentration-dependent. Thus, bolus 5-FU and l-leucovorin therapy is expected to be effective against oral fluoropyrimidine-resistant GC.

The national health insurance program of Japan covers bolus 5-FU and l-leucovorin therapy for treatment of GC. The aim of this study was to retrospectively assess the efficacy of bolus 5-FU and l-leucovorin therapy for oral fluoropyrimidine-resistant unresectable GC.

Materials and Methods
=====================

1. Patients
-----------

We retrospectively analyzed the medical records of all patients with unresectable or recurrent GC and enrolled patients treated with bolus 5-FU and l-leucovorin after failure of S-1 or capecitabine between January 2010 and December 2015 at Hokkaido University Hospital.

2. Study design and approval
----------------------------

This study was a retrospective cohort single-center analysis to evaluate the efficacy and safety of bolus 5-FU and l-leucovorin against oral fluoropyrimidine-resistant unresectable GC. The study protocol was approved by the Institutional Review Board of Hokkaido University Hospital and conducted in accordance with the tenants of the Declaration of Helsinki.

3. Treatment
------------

The bolus 5-FU and l-leucovorin regimen consisted of intravenous l-leucovorin (250 mg/m^2^/2 h) and bolus 5-FU (600 mg/m^2^) once weekly followed by a 2-week rest period along with best supportive care. Treatment cycles were repeated every 8 weeks until tumor progression or intolerable toxicity occurred.

4. Statistical analysis
-----------------------

PFS was calculated from the first day of treatment to the time of disease progression or last follow-up. OS was calculated from the first day of the treatment to the time of death or last follow-up. OS and PFS were calculated using the Kaplan-Meier method. Statistical analyses were performed using IBM SPSS Statistics ver. 23 (IBM Co., Armonk, NY, USA). Response was evaluated based on the revised Response Evaluation Criteria in Solid Tumors (RECIST ver. 1.1). Adverse events were classified according to the Common Terminology Criteria for Adverse Events (CTCAE ver. 4.0).

Results
=======

1. Patient characteristics
--------------------------

We identified 14 patients treated with bolus 5-FU and l-leucovorin at Hokkaido University Hospital between January 2010 and December 2015. Almost all patients had previously received more than three anti-GC chemotherapy regimens. Patient characteristics are listed in [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The median number of rapid infusions of 5-FU and l-leucovorin was 7 (range, 5\~54) and the median relative dose intensity of 5-FU was 97%.

2. Efficacy
-----------

The objective response rate was 0% and the disease control rate was 35.7% (5 of 14 patients achieved stable disease). The median PFS was 1.6 months (95% confidence interval \[CI\], 1.3\~2.0 months) ([Fig. 1](#F1){ref-type="fig"}) and the median OS was 6.3 months (95% CI, 4.7\~7.9 months) ([Fig. 2](#F2){ref-type="fig"}).

3. Adverse events
-----------------

No patient died from treatment-related causes. The most common treatment-related severe adverse event was neutropenia that occurred in 21.4% of patients treated with bolus 5-FU and l-leucovorin. Only 1 of 14 patients developed treatment-induced febrile neutropenia. All treatment-related adverse events are summarized in [Table 3](#T3){ref-type="table"}.

Discussion
==========

Bolus 5-FU and l-leucovorin is reportedly not inferior to S-1 monotherapy for treatment of unresectable GC or to continuous 5-FU monotherapy when administered as first-line chemotherapy.[@B10] Although this regimen is covered by the national health insurance program of Japan, there is no indication for bolus 5-FU and l-leucovorin in the Japanese GC treatment guidelines. The mechanism underlying the anti-cancer effect of continuous 5-FU administration is reportedly different from that of rapid infusion of 5-FU,[@B11][@B12] and therefore, bolus 5-FU and l-leucovorin therapy may be sufficient to elicit an effect against oral fluoropyrimidine-resistant GC. In addition, some patients unable to eat or drink because of a gastrointestinal disorder caused by peritoneal dissemination can be treated with the bolus 5-FU and l-leucovorin regimen.

In our study, 5 of 14 patients achieved stable disease after this treatment and 6 patients survived for more than 6 months after the first treatment. Each of these patients had received S-1 or capecitabine for GC and almost all were heavily treated in the past, which was thought to have prolonged their survival.

Almost all of the patients\' performance status was scored as 1 or 2; there was 1 patient whose performance status was scored as 3. Her poor performance status was due to bone-marrow invasion verified by bone-marrow puncture after heavy treatment; however, she strongly desired to be treated with another regimen. Therefore, we administered bolus 5-FU and l-leucovorin after obtaining informed consent.

In the REGARD[@B8] trial, the PFS and OS of the placebo group of patients with unresectable GC were 1.3 months and 3.8 months, respectively, while the GRANITE-1 trial[@B13] reported PFS and OS of the placebo group were 1.4 months and 4.3 months, respectively. The outcomes of the placebo groups of patients with unresectable GC were extremely poor and their PFS and OS were shorter than in our study.

The results of the present study indicate that bolus 5-FU and l-leucovorin treatment might be a viable treatment option for pre-treated unresectable GC. However, this study was limited by its small sample size, retrospective analysis, and being conducted in a single institution. Thus, we are planning a prospective phase II trial to evaluate the efficacy and safety of bolus 5-FU and l-leucovorin for pre-treated unresectable or recurrent GC. The planned trial is registered as UMIN000018882 in the University Hospital Medical Information Network Clinical Trial Registry and we are now recruiting patients from multiple institutions associated with the Hokkaido Gastric Cancer Study Group. The results of the present study will be further evaluated by this subsequent prospective trial.
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###### Summary of patients\' characteristics
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Values are presented as median (range) or number (%). ECOG PS = Eastern Cooperative Oncology Group Performance Status.

###### Details of patient characteristics
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HER = human epidermal growth factor receptor; CEA = carcinoembryonic antigen; F = female; CDDP = cisplatin; IRI = irinotecan; DOC = docetaxel; PD = progressive disease; PTX = paclitaxel; SD = stable disease; M = male; Tmab = trastzumab; OXA = oxaliplatin; Cape = capecitabine; Rmab = ramucirumab.

###### Treatment-related adverse events
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Values are presented as number (%). ^\*^Classification according to the NCI-CTCAE (National Cancer institute-Common Terminology Criteria for Adverse Events).
